The purpose of this study was to systematically review and summarize prehospital and in-hospital stroke evaluation and treatment delay times. We identified 123 unique peer-reviewed studies published from 1981 to 2007 of prehospital and in-hospital delay time for evaluation and treatment of patients with stroke, transient ischemic attack, or stroke-like symptoms. Based on studies of 65 different population groups, the weighted Poisson regression indicated a 6 . 0% annual decline (Po0 . 001) in hours/year for prehospital delay, defined from symptom onset to emergency department arrival. For in-hospital delay, the weighted Poisson regression models indicated no meaningful changes in delay time from emergency department arrival to emergency department evaluation (3 . 1%, P 5 0 . 49 based on 12 population groups). There was a 10 . 2% annual decline in hours/year from emergency department arrival to neurology evaluation or notification (P 5 0 . 23 based on 16 population groups) and a 10 . 7% annual decline in hours/year for delay time from emergency department arrival to initiation of computed tomography (P 5 0 . 11 based on 23 population groups). Only one study reported on times from arrival to computed tomography scan interpretation, two studies on arrival to drug administration, and no studies on arrival to transfer to an in-patient setting, precluding generalizations. Prehospital delay continues to contribute the largest proportion of delay time. The next decade provides opportunities to establish more effective community-based interventions worldwide. It will be crucial to have effective stroke surveillance systems in place to better understand and improve both prehospital and in-hospital delays for acute stroke care.
Introduction
Annually an estimated 15 million people worldwide suffer a stroke, resulting in five million deaths and another five million with permanent disability (1) . Over the next decade, the stroke burden is projected to rise, particularly in developing countries (2) . Timely access to effective medical treatment will be an important element to combat this public health challenge. Acute therapies for stroke, such as tissue plasminogen activator (tPA) was approved more than 10 years ago (3, 4) , emphasizing the need for rapid assessment of stroke patients. There was early hope that this new treatment would benefit many stroke patients, but this promise has yet to be realized. For example, over a decade later only 1% of stroke patients in the United States received tPA from 1999 to 2002, although this may be an underestimate (5) .
With the passing of a decade since tPA was granted approval for use in ischemic stroke patients, an assessment of progress toward more rapid access to diagnosis and treatment for stroke is warranted. This study systematically reviewed and summarized studies of time delay in prehospital and in-hospital evaluation and treatment, by updating our prior review of studies through the year 2000 (6) . This review is an effort to understand changes over time and to provide insight for future research and practice directions.
reported on prehospital or in-hospital delay time for acute stroke care, including intervention studies, were included in this review. Abstracts, articles that were not peer reviewed, or dissertation works were not included. We also excluded studies that limited the description of delay time to aneurysmal subarachnoid hemorrhage, children, clinical trials, and studies limited only to patients receiving tPA.
A search was performed in two databases using subject headings and keywords, including studies published through December 2007. First, in the Medical Literature Analysis and Retrieval System Online (MEDLINE) the following search was performed: explode cerebrovascular disorders (medical subject heading) or stroke (keyword); explode emergency medical services (medical subject heading) or any form of delay (keyword); and combine the two with 'and.' Second, in the Cumulated Index to Nursing and Allied Health Literature (CINAHL) the following search was performed: cerebral vascular accident (subject heading) or stroke (keyword); explode emergency medical services (subject heading) or treatment delay (subject heading) or any form of delay (keyword); and combine the two with 'and'. For both MEDLINE and CINAHL, the search was limited to humans, age 19 years or older, and published in English. We also reviewed the references cited in each of published studies, which were identified through the search strategy, to capture any other potential studies for inclusion.
We extracted and report here only delay time related to total prehospital delay (e.g., onset of symptoms to hospital arrival) or in-hospital delays [e.g., time from emergency department (ED) arrival to ED physician evaluation, neurology evaluation, computed tomography (CT) scan or interpretation, tPA administration, and transfer to an in-patient setting, similar to those reported on the National Institute of Neurological Disorders and Stroke (NINDS) guidelines (7) ]. We do not, for example, describe components of prehospital delay, such as time from symptom onset to seeking medical help or time from calling emergency medical services (EMS) to arrival of either EMS or to the ED. For prehospital delay, we included the study if it reported a mean or median delay or a per cent of the population arriving in so many hours. For in-hospital delay, we included the study if it reported a mean or median delay. In the summary tables provided, sample sizes are based on the number of patients with delay time reported and not on the initial study population size. If such a sample size was not given, we reported the initial study population size. If more than one article described results, we reported from the one with the larger sample size but reference both in the tables. Delay times were rounded off to the nearest tenth of an hour whenever possible. In some studies, means and medians were provided for samples of participants rather than for the whole sample and are therefore reported as such in the tables and summaries. For intervention studies, pretest and posttest data are reported in the tables. If methodological information (e.g., dates) was missing from the primary reference, we examined a secondary reference cited in the primary publica-tion to obtain the information where possible or we attempted to contact the lead author. The same two reviewers conducted data extraction from all included studies to ensure consistency and reliability.
All median delay times were graphed with the circle size proportional to the study sample. When a study was conducted over several years, we plotted the midpoint of the range in years. For studies not reporting the year of enrollment, we attempted to contact the authors to extract this information in order to plot the figures by year. If we still could not identify a date of the study, it was not included in the model or graphed. The Poisson model using the Pearson scale for over-dispersion provided an acceptable fit to the data, based on the ratio of the deviance to the degrees of freedom from the goodness-of-fit. A Poisson regression equation, unweighted and weighted by sample size, was calculated for median delay times across years using SAS (Cary, NC). Intervention studies were included only once (e.g., if both pre-and posttest medians were reported then only pretest medians were graphed).
Results
We report results first describing the update (2000-2007) since our prior review of the literature (6) that described studies published from 1981 through 2000, followed by a summary of the entire literature , labeled 'Comprehensive Review Summary') for prehospital and in-hospital delay times.
Prehospital delay for acute stroke care
Since our initial review (6) which included 48 unique studies through early 2000, at least 73 more unique reports on prehospital delay for acute stroke care were identified (Table  1) . These studies were published through the year 2007 and included two studies [one published in 1997 (8) and one in 1998 (9) ] not identified on the first review.
These more recent 73 studies included patients worldwide from Asia, Europe, North America, Oceania (e.g., Australia, New Zealand), and South America. Inclusion criteria varied across the studies, including patients with hemorrhagic or ischemic stroke or both. Some studies also included patients with stroke-like symptoms or with transient ischemic attack. Only a few studies reported truncating the delay time in their analysis (e.g., excluding patients from the analysis with extreme delay time values); these truncated times included 4 h (10), 24 h (11-13), 48 h (14-19), 72 h (20) , and 168 h (21) (22) (23) . Additionally, stroke patient enrollment was optional in a study by Katzan et al. (24) for prehospital delay times greater than 6 h. By not excluding extreme times in presentation, the stroke delay time may be affected if outliers occur in the distribution, especially for mean values. Thus, in Table 1 both means and medians are reported, as well as per cent of patients arriving within 3, 6, or 24 h. Among the studies of prehospital delay, the time from symptom onset to ED arrival ranged from a median of 0Á8 -B24 h and a mean of 1Á2-98Á8 h, although not all studies reported both. The 50th percentile of the median prehospital delays reported in Table 1 occurred between 3 and 4 h and the per cent arriving within 3 h ranged from 6% to 92%. Figure 1 summarizes all published studies that reported a median prehospital delay time for acute stroke care since 1981. Studies that did not report a median delay time are not graphed. As evidenced by the size of the circles which are proportional to the sample size, only a few studies included more than 1000 patients. Based on the studies of 65 different populations, the weighted Poisson regression indicated an annual decline of 6Á0% (model parameter À0Á060 h/year, Po 0Á001) and the unweighted Poisson regression indicated an annual decline of 2Á9% (model parameter À0Á029 h/year, P 5 0Á05). In the modeling, we did not include two outliers, studies with a median prehospital delay of 16Á1 h (25) and 24 h (26).
Comprehensive review summary
In-hospital delay for acute stroke care
We identified fewer studies of in-hospital delay for acute stroke patients (25 unique papers since the year 2000) compared with our previous review (6) . The studies published between 2000 and 2007 are summarized in Tables 1 and 2 , examining the time from ED arrival to ED physician evaluation, neurology evaluation, CT scan or interpretation, and tPA administration. We did not identify any studies reporting on the time from arrival to transfer to an in-patient setting.
Time to an ED physician evaluation
Only four studies published between 2000 and 2007 reported on acute stroke care times from ED arrival to ED physician evaluation (24, (27) (28) (29) . These three studies reported median delays ranging from 0Á2 to 1Á0 h.
Comprehensive review summary
Overall, based on 10 studies (24, 27-35) of 12 different population samples with enrollment dating back to 1991, the weighted and unweighted Poisson regression calculating median study year by median time reported from ED arrival to ED evaluation indicated no decline, respectively (weighted model parameter 0Á031 h/year, P 5 0Á49; unweighted model parameter 0Á045 h/year, P 5 0Á25) ( Fig. 2a ).
Time to expert physician (neurologist) notification
Twelve unique studies (10, 13, 16, 18, 21, 24, 29, (36) (37) (38) (39) (40) published between 2000 and 2007 described acute stroke care time from ED arrival to neurology (defined as the expert physician) notification or evaluation. The median delay times for 10 of these studies ranged from 0Á2 to 3Á1 h (10, 13, 16, 21, 24, 29, (36) (37) (38) (39) , with an additional study conducted in the Philippines reporting a median delay of 7Á5 h (18 
Topical review
study reported a mean rather than a median delay time (40) . Definitions for neurology timing varied across studies, including time to neurology consultation, time neurologist is notified, and time seen by a neurologist.
Comprehensive review summary
Overall, based on 14 unique studies (10, 13, 16, 18, 21, 24, 29, 30, 32, (35) (36) (37) (38) (39) with 16 different populations with enrollment dating back to 1991, the weighted Poisson regression calculating median study year by median time from arrival to neurology notification or evaluation indicated a nonsignificant annual decline of 10Á2% (model parameter À0Á102 h/year, P 5 0Á23) and the unweighted Poisson regression indicated a nonsignificant annual decline of 10Á4% (model parameter À0Á104 h/year, P 5 0Á17) (Fig. 2b ).
Time to a CT scan or interpretation
Nineteen unique studies ( (18) . The remaining five studies reported a mean delay time rather than a median delay time (40, 44, 45, 47, 48) .
Comprehensive review summary
Overall, based on the 19 studies of 23 different samples (10, 13, 18, 21, 23, 24, 29, 33-35, 37, 38, 41-43, 49-51) , the weighted Poisson regression calculating median study year by median time from arrival to CT scan indicated an annual decline of 10Á7% (model parameter À0Á107 h/year, P 5 0Á11) and the unweighted Poisson regression indicated an annual decline of 11Á3% (model parameter À0Á113 h/year, P 5 0Á06) ( Fig. 2c ). (25, 26) . Studies with missing enrollment dates (27, 46, 103, 116, 117, 119, 120) or sample sizes that corresponded to the median delay time reported (114) were excluded. The star represents a large study with a sample size of 7901 that did not fit on the plot (80) but was included in the model calculation. In the modeling, we did not include one outlier, a study reporting a median delay of 48 h from ED arrival to CT scan (52) .
Hospital arrival to tPA administration:
Before the year 2000, no studies reported time from hospital arrival to tPA administration. Of the studies reviewed between 2000 and 2007, four (41, 44, 45, 53) reported this time. Two studies reported a mean time from ED arrival to tPA admin-istration as 0Á8 (44) and 1Á4 h (45) ; two other studies reported median times of 1Á3 h (53) and 1Á5 h (41).
Discussion
We identified 123 unique studies reporting on prehospital and in-hospital delay to diagnosis and care for acute stroke that have been published since 1981. These studies enrolled patients dating back to 1971 from more than 30 countries worldwide. Globally, we identified only one study from South America, conducted in Brazil (40) . Africa is the only continent not represented by this research, despite a significant rising number of deaths occurring there from stroke each year (1) . For these worldwide studies of acute stroke, the majority of the delay to treatment continues to be attributable to the prehospital portion consistent with what others have reported (54) .
Delay time
Our summary indicates, using weighted Poisson regression, an annual decline in prehospital delay time of 6Á0% based on the studies of 65 different populations, since the first study published in 1980 that reported a median prehospital delay for stroke patients. While this is a meaningful decline, as evidenced from Fig. 1 , this decline has slowed in more recent years for the published studies in our review. Studies published since the year 2000 reporting a median delay of symptom onset to ED arrival indicate that the 50th percentile for delay occurred between 3 and 4 h. This relatively long delay time excludes many patients from being considered for tPA therapy and may contribute to longer subsequent in-hospital delays to full evaluation and care. Few studies explore how prehospital delay subsequently affects in-hospital delay times for stroke patients, especially given that these events are not independent of one another (13, 24) .
For the in-hospital portion of delay, ED delays have not appreciably changed, but delays to provision of neurology evaluation (10Á2% annual decline) and CTscan (10Á7% annual decline) appear to have improved, although not reaching statistical significance. It should be noted that studies limited to only patients receiving tPA were excluded from our review, as we were interested in describing results from a broader population perspective, including all patients arriving at the hospital regardless of receipt of tPA. By including only studies of patients receiving tPA, the delay times reported would have been reduced by design, because of the time requirements of the drug, resulting in selection bias.
It is helpful to compare these in-hospital times against some standard or guideline. One approach would be to use as a benchmark the NINDS recommendations (7) published in 1996 that outline the following goals for acute stroke patients: 10 min from the hospital door to emergency physician evaluation, 15 min from the door to stroke team or expert physician notification (interpreted as a neurologist), 25 min from the door to initiation of the CT scan, 45 min from the door to expert CT interpretation, 60 min from the door to drug administration, and 3 h or less from the door to transfer to an in-patient setting. Using these benchmarks applied to all studies we reviewed reporting median times, of 10 studies or 12 population groups no studies met the ED delay time of 10 min (24, (27) (28) (29) (30) (31) (32) (33) (34) (35) . Two (10, 24) of 12 studies or 14 population samples reporting median delay times met the neurology delay Table 2 of this paper or Table 2 from Evenson et al. (6) if the study provided a median delay time. For graph (a), one study with missing enrollment dates was not graphed (27) . For graph (c), the Cassidy et al. study (52) was not graphed because the delay represented an outlier (48 h). time of 15 min (13, 16, 18, 21, 29, 30, 32, (35) (36) (37) (38) (39) . Two more recent studies (10, 41) , using their median delay time, met the 25 min goal from arrival to CT scan initiation, but not in 18 other studies reporting a median delay time (13, 18, 21, 23, 24, 29, 33-35, 37, 38, 42, 43, 46, 49-52) . Only one study reported median time to CT interpretation (24) , for which it was not met. Neither of the two studies (41, 53) reporting a median value fell within the 60-min time recommendation from arrival to tPA administration. We did not identify any studies reporting on the time from arrival to transfer to an in-patient setting. From this, we conclude that few studies report that NINDS in-hospital goals (7) are being met based on median reported times. This review provides the times in Tables 1 and 2 and the prior paper (6) , so comparisons to other guidelines, either established or yet to be written can be made.
We found that there is little standardization as to how delay components are defined and reported. Such inconsistency makes comparisons across studies and countries difficult. For example, 'time to CT scan' could be interpreted as time transported to CT [such as defined in Katzan et al. (24) ], arrival at the CT, initiation of the CTscan, or completion of the CT. As another example, 'time to stroke team evaluation' is often interpreted as time to the neurologist, especially in hospitals without stroke teams, although it is not clear if it was intended to be this way.
Intervention studies
Several studies have evaluated the effect of smaller scale community-wide campaigns on stroke awareness, knowledge, and/or delay (55) (56) (57) (58) (59) (60) (61) (62) (63) . In addition, system changes, such as professional education (37, 46, 55, 59, 60, 64, 65) , altering emergency dispatch and transport protocols (66, 67) , instigating an ED fee (68) , creating a rapid ED assessment (41) , and implementing a stroke code team or call system (42, 58, 64, 69) have been all evaluated in an effort to reduce delay in stroke evaluation and care during either the prehospital or the inhospital phase. Even so, effective interventions targeting those at highest risk for stroke are still needed and it would be desirable if interventions and even observational description of these associations were driven by a theoretical framework.
Limitations of this review
Summarizing the literature in this way poses several challenges. First, these conclusions are drawn from a variety of data sources, countries, time periods, and patient populations. The type of surveillance data truly needed to monitor these trends is only now becoming available (70) (examples include (71, 72) ). As countries worldwide establish stroke-based surveillance systems with comparable data elements, a better interpretation of trends over time and comparisons within and across countries can be accomplished. Until then, we feel this review provides the best interpretation of these trends, through the use of peer-reviewed publications. Second, the case defini-tion of stroke varied across studies, although the interest was always acute stroke. Occasionally, studies applied exclusions due to extreme prehospital delay times for acute stroke. These exclusions were also inconsistent, hampering direct comparisons across studies. Third, not all studies reported a median delay time. While some studies provided a mean, subject to outliers, a few studies only reported the percentage receiving care within a given number of hours. Fourth, the definition of symptom onset of stroke was not defined consistently across studies, particularly when the patient awoke with stroke symptoms. Fifth, information on whether or not each participating hospital was approved to provide tPA or had a transfer protocol to a hospital providing tPA treatment of ischemic stroke was not available across all studies. The inclusion of data from hospitals that were not approved to administer tPA for ischemic stroke may have lengthened both prehospital and inhospital delay times. However, this review represents published delay times in a variety of settings. Finally, we included only peer-reviewed studies; thus, we are unsure if these results reflect the broader population. All of these limitations should be considered when interpreting these results.
Reporting suggestions
Making comparisons across studies would be greatly enhanced if standardization in definitions were established. We suggest that delay time be reported as both a mean and a median and noting if the delay times were truncated. Other suggestions for observational or surveillance studies include designating clear entry criteria into the study that can be replicated across countries and using a standardized method for determining onset time when the patient awoke with symptoms, such as the one developed by Rosamond et al. (73) . Missing information on key data elements can also hamper surveillance of studies of delay (19) . Weintraub (74) suggests that legible records of stroke patients should reflect the time of onset, the time of workup completion, examination findings, the diagnosis and differential diagnosis as well as the proposed treatments (e.g., use or not of tPA), and informed consent. We concur with Katzan et al. (24) , suggesting placement of the data form in the ED record and developing a standard documentation sheet for stroke patients as part of their medical record.
Extensive work evaluating the different treatment-seeking delay phases in acute coronary syndromes can be useful to studies of delay in accessing acute stroke evaluation and care (54) . These phases have been broken down into (1) symptom onset to decision to seek medical attention, (2) decision to seek medical attention to first medical contact, and (3) first medical contact to hospital arrival. We suggest that the initial phase could be defined even further to make the distinction between onset of stroke-like symptoms and recognition of those symptoms, by patient, family, or observer, as to being symptoms warranting medical attention. Sometimes the onset of symptoms may not correspond to the onset of recognition of the symptoms, with the former influencing the consideration of tPA therapy, if applicable, and the latter influencing the likely seeking of medical attention.
Though numerous studies examine factors associated with prehospital delays of acute stroke (54, 75) , very few have examined these time phases involved in prehospital delay. In addition, it is known that prehospital delay for acute stroke care affects in-hospital delay (13, 24) . Because the timing of these events are not independent, future studies should consider examining these factors simultaneously rather than separately as has traditionally been done. To do this, timing data will need to be collected for all phases of delay.
Conclusions
We found a decreasing trend in prehospital delay time for acute stroke patients, the time from onset of symptoms to hospital arrival. While time from hospital arrival to ED physician evaluation changed very little over time, there was suggestion that trends for the time from hospital arrival to CT scan and neurology evaluation may be declining. However, lack of standardization in data collection and measurement across studies made comparisons challenging. The data for the most clinically pertinent time span, that of onset of stroke symptoms to onset of tPA administration for treatment of ischemic stroke, where indicated and not contraindicated, have been seldom specifically collected, studied, or reported in observational studies. Quality improvement initiatives, such as the World Health Organization's stepwise approach to stroke (2, 76) or the Centers for Disease Control and Prevention Coverdell National Acute Stroke Registries (71) , address in-hospital diagnostic and treatment care indicators, including those related to timely initiation of care. These and other programs promise to accelerate progress toward achieving established inhospital delay time goals. These programs, however, currently do not directly address patient-oriented delay factors associated with care-seeking behavior after symptom onset, which continue to be the major source of delay in accessing medical care for stroke. The next decade provides opportunities to establish more effective community-based interventions worldwide. It will be crucial to have effective stroke surveillance systems in place to better understand and improve prehospital and in-hospital delays for acute stroke care.
